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Abstract 
Platinum contamination in estuarine and coastal sediments was evaluated in three 
cores collected in the Tagus Estuary and prodelta shelf sediments. Elevated concentrations 
– up to 25-fold enrichment compared to background values – in the upper layers of the 
estuarine sediments were found. The degree of Pt enrichment in the estuarine sediments 
varied depending on the proximity to vehicular traffic sources, with maximum values of 
9.5 ng/g. A rapid decrease of Pt with depth indicates the absence of significant 
contamination before the introduction of catalytic converters in cars. Pt distribution in the 
Tagus prodelta shelf sediment core showed no surface enrichment; instead a sub-surface 
maximum at the base of the mixed layer suggests the existence of post-depositional 
mobility, and thus blurring the traffic-borne contamination signature in coastal sediments. 
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The platinum group elements (PGE) – ruthenium (Ru), rhodium (Rh), palladium 
(Pd), osmium (Os), iridium (Ir), and platinum (Pt) – are amongst the least abundant 
elements in the Earth’s crust, with typical average concentrations below the nanogram per 
gram level (Rudnick and Gao 2003). There are a number of factors, however, which may 
lead to elevated concentrations of these elements in the environment. In marine sediments 
these include: siderophile sources (Gabrielli et al. 2008), hydrothermal vents (Cave et al. 
2003), occurrence of ferromangase crusts (Halback et al. 1989), accumulation at the redox 
boundaries (e.g. Colodner et al. 1992), or anthropogenic emissions (e.g. Tuit et al. 2000).  
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Current interest in the environmental concentrations and geochemical behavior of 
Pt (together with Pd and Rh) is based on the considerable increase in their anthropogenic 
emissions since the last 3 decades. Apart of their main traditional use in jewellery, 
dentistry, chemicals, or electronics, their demand sharply increased in the late 70’s in 
North America and late 80’s in Europe due to their use in catalytic converters in cars 
exhausts in order to reduce the emission of contaminant gases, representing currently 
from 32% (Pt) to 52% (Pd) and 86% (Rh) of their total World demand (Johnson Matthey 
2010). During abrasion and aging of washcoat layer of the catalyst, metallic and oxide 
forms of PGE are emitted as particles (normally 10-30 μm) at rates up to several hundred 
nanogram per kilogram per vehicle (Ravindra et al. 2004) and then are subject to 
mobilization through interaction/complexation with naturally occurring 
inorganic/organic ligands and bacterial action (e.g. Wei and Morrison 1994; Dahlheimer et 
al. 2007). Accordingly, PGE concentrations well above background values have been 
reported in areas subject to vehicular traffic (Ravindra et al. 2004). Also, evidence for a 
long range transport and contamination has been given (Barbante et al. 2001). 
Whereas most of the studies have focused on Pt concentrations in sediment of 
lakes and rivers of urban areas (e.g. Rauch and Hemond 2003; Haus et al. 2007), little is 
known on its geochemical behavior and current contamination in anthropogenically-
impacted estuarine and coastal systems.  
The Tagus Estuary is one of the largest European estuaries with an area of approx. 
320 km2 formed by several channels and islands (Figure 1). The intense urban and 
industrial growth of the Lisbon’s neighborhoods (approx. 2.5 million inhabitants) has been 
responsible for the loads of anthropogenic metals and persistent organic pollutants to the 
Tagus estuary, such as documented in previous works (e.g. Figuères et al., 1985; Nogueira 
et al., 2003; Canário et al., 2005; Vale et al., 2008). As for most of great rivers the Tagus 
prodelta patch (Figure 1) accumulates riverine, estuarine and marine-borne fine-grained 
materials (Jouanneau et al.  1998). These prodeltaic deposits have been used to 
reconstruct the historical increase of metal concentrations in the Tagus adjacent 
catchment’s area (e.g. Mil-Homens et al. 2009).  
Three sediment cores were collected in the Tagus estuary and its prodelta (Figure 
1). Two sediment cores were collected in the estuary area close to a motorway bridge 
(Vasco da Gama bridge opened to the traffic in 1998; site 1) and nearby an old chemical 
and pyrite roasting plants closed during the 90’s (site 2). Sediments were mostly 
composed of fine grained (<63 μm) material (>99%). Sediments are characterized by 
reducing conditions (Sundby et al., 2003), with typical oxygen penetrations of less than 
2mm and sulfide concentrations increasing with depth. Additionally three sediments from 
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the bridge gullypots were collected. A sediment core in the Tagus Prodelta (site 3, PO287-
26-1B) was collected during the PALEO1 cruise in 2002 onboard the R/V Poseidon. The 
core was sectioned and the coarser fraction (>2 mm) removed by wet sieving. Sediments 
were analyzed for Al, Pb and Hg using well-established procedures (e.g Mil-Homens et al. 
2009; Costley et al., 2000).  
The determination of platinum in the sediments was undertaken by means of 
catalytic adsorptive cathodic stripping voltammetry (catalytic AdCSV) after appropriate 
digestion. Before digestion, and in order to remove organic material that interferes with 
the voltammetric determination,  approx. 0.15 g of the ground sediment was ashed in 
quartz crucibles up to 800 ⁰C following the heating scheme given in Nygren et al. (1990). 
Ashed sediments were then transferred to 30 mL Teflon® PFA vessels (Savillex) for wet 
digestion with 5 mL of conc. HCl and 3 mL of conc. HNO3 at 210 ⁰C for 4h. Then, vial caps 
were removed and the acids allowed to evaporate to near dryness. The residue was re-
dissolved with 1mL of conc. HCl and 1mL of conc. H2SO4, evaporated until no apparent 
fumes were observed and a near constant volume – mostly sulfuric acid – was attained. 
This procedure removes remains of nitric acid which interferes in the catalytic AdCSV 
platinum determination. Samples were cooled down, diluted with 0.1M HCl, syringe-
filtered (0.45 μm) and taken in 25 mL polypropylene volumetric flasks.  The detection 
limit (defined as 3 times the standard deviation of the blank) for a typical mass of 0.15 g of 
sediment was 0.05 ng/g. The accuracy was checked using river sediment certified 
reference material (JSd-2; Geological Survey of Japan) obtaining good agreement with the 
reported concentrations (Table 1).  
Down-core platinum distribution at site 1 represents a clear indication of recent 
input of this element into the Tagus Estuary. Elevated Pt values at the top of the core – up 
to 9.5 ng/g – are observed, decreasing sharply with depth to background values (0.3-0.4 
ng/g) below 5 cm (Figure 2). The elevated Pt concentrations at the sediment surface is in 
accordance to the three independent gullypot sediments from the bridge: 7.5, 21 and 157 
ng/g, which are typical of other urban gullypot sediments (e.g. Wei and Morrison 1994; 
Fliegel et al. 2004; Jackson et al. 2007). At site 2 a similar depth profile was found, 
although the degree of Pt enrichment in the uppermost layer is significantly lower, with a 
maximum value of 0.9 ng/g. This area is one of the most contaminated in the Tagus 
estuary due the historical impact of a chemical plant (Vale et al. 2008). Thus, a significantly 
higher contamination for other metals (e.g. Pb in Figure 2) is also present. Furthermore, 
less radiogenic Pb isotopic signature in upper sediment layers at site 2 is indicative of 
increase fraction of anthropogenic Pb (Caetano et al., 2007). Conversely, the minor traffic 
pressure at this part of the estuary may explain the lower Pt contamination.  The rapid 
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decrease of Pt with depth to background values in cores 1 and 2 indicates the absence of 
previous significant contamination due to other sources bringing the catalytic converters 
as the major input for the recent enrichment. 
Results for core 3 (Figure 3), collected at the Tagus prodelta (see Mil-Homens et al. 
2009 for a complete characterization of other metals and 210Pb-dating for this core), shows 
a different Pt profile with no maximum concentrations at the top of the core. Instead, Pt 
values increase with depth from 0.65 ng/g at surface to 0.89 ng/g at the base of the mixed 
layer located at approx. 7 cm depth and then a sharp decrease to 0.51 ng/g at 13 cm 
corresponding to reworked material (see Mil-Homens et al. 2009). As shown in Figure 3b, 
Pt profile mimics the depth variation of other metals such as Hg and Pb being significantly 
correlated (P<0.01 and <0.05, respectively, for 2-tailed testing).  
The time profile in Figure 3b would suggest an elevated input of Pt from early 70’s 
to mid ‘80s compared to recent years. However, (i) catalytic converters in cars were not 
introduce in Europe until late ‘80s to early ‘90s and (ii) no Pt enrichment was observed in 
the deep layers of the two cores collected in the Tagus Estuary which would indicate other 
previous Pt sources. Therefore, sub-surface Pt enrichment in the Tagus prodelta may not 
reflect ‘real’ anthropogenic inputs but post-depositional mobility. Here we suggest that the 
Pt maximum found at the base of the surface mixed layer is probably driven by the 
scavenging of Pt at the oxic/anoxic boundary. This behavior has also been observed by 
Tuit et al. (2000) in sediment cores collected in the Boston harbor.  Following Colodner et 
al. (1992) and Wei and Morrison (1994), a significant fraction of Pt in marine and road 
sediments is labile – contained in Fe-Mn oxyhydroxides and organic-rich particles – 
allowing its mobilization and diffusion to be fixed at the redox boundary, which may be 
the case of the Pt behavior in core 3. In cores 1 and 2 the absence of a higher Pt depth 
resolution does not allow an observation of the presence of such behavior. 
Studies on Pt geochemical behavior and contamination in estuaries and coastal 
systems are scarce in the literature. A comparison of available data is given in Table 2. 
Background values for the Tagus Estuary and shelf (0.32 ± 0.05 and 0.56 ± 0.06 ng/g, 
respectively) agree well with the average Pt crustal abundance (0.5 ± 0.5 ng/g; Rudnick 
and Gao 2003) and also with the background concentration reported for Massachusetts 
Bay (0.6 ± 0.3 ng/g; Tuit et al. 2000). Concentrations of Pt found here in the surface mixed 
layers are in the range of those found in the Boston Harbour (USA) or the Venetian Lagoon 
(Italy), but lower than in the Humber Estuary (UK) or Avondale Creek (Australia).   
It is uncertain at present to estimate for how long – and to what extent – Pt 
concentrations in the environment will keep on increasing. The total the World demand of 
Pt for its use in the catalytic converters has continuously increased in the past 3 decades 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
(0.7 million ounces in 1980 to 2.23 million ounces in 2007); however, the demand fell by 
45% from 2007 to 2009 (Johnson Matthey 2010) due to the global economic crisis which 
also affected the automotive industry. Also, the amount of Pt (together with Pd and Rh) 
loaded in the catalytic converters is being continuously modified by the manufacturers as 
more efficient formulations are developed. In gasoline vehicles, for example, most of the 
manufacturers are substituting platinum-based catalysts by palladium (Johnson Matthey 
2010), and would lead to lower emissions of Pt.  Only future studies will test this 
hypothesis. 
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Figure Captions: 
Figure 1. Map showing the location of the sediment cores in the Tagus Estuary (St1 and 
St2) and prodelta (St 3) 
Figure 2. Depth profile of Pt, Pb and 206Pb/207Pb ratios in cores from sites 1 (a) and 2 (b) 
Figure 3. Depth profile of Pt in core 3 (Tagus Prodelta) (a). Variation of Pt, Hg and Pb 
concentrations vs. sediment age (b). See Mil-Homens et al. (2009) for a complete 
description of the core characteristics and sediment dating.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Platinum concentrations (ng/g) obtained for the river sediment certified reference 
material JSd-2 in this study and by other authors 
 
 
1Indicative value given by the Geological Survey of Japan  
Decomposition/separation procedure: 1HCl/HNO3/HF digestion, MIBK extraction; 2Pb fire 
assay; NiS fire assay; HCl/HNO3 digestion (ashed and non-ashed sample). 3HNO3/HCl/HF 
microwave-assisted digestion. 4HNO3/HF microwave-assisted digestion. 5HCl/HNO3 
digestion of ashed sediment. 
Determination: 1Flameless AAS; 2ICP-MS. 3ICP-MS. 4GF-AAS. 5Stripping Voltammetry 
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